We show how to generate quasi-rectangle-states of the vibrational motion of an ion, this is, states that have the same probability in a given position interval. We produce those states by repeated ionlaser interactions followed by conditional measurements that generate a superposition of squeezed states. The squeeze parameter of the initial state may be tuned in order to obtain such highly localized rectangle states.
II. SUPERPOSITIONS OF EQUIDISTANT SQUEEZED STATES
We consider an interaction proposed previously in the reconstruction of the quantum mechanical state of a trapped ion [33] and that has been used in the preparation of coherent superpositions of arbitrary quantum states such as Schrödinger cats [34] . A weak electronic transition of the ion is irradiated by two laser fields detuned to the first lower and first upper vibrational sidebands of the transition, respectively. For equal laser intensities it has been shown, that, for an ion trapped in the resolved-sideband and Lamb-Dicke regimes and in the interaction picture the Hamiltonian is given by [8, 33] 
where A eg (A ge ) is the operator that describes the electronic transition from the ground (excited) state to the excited (ground) state. The effective Rabi frequency is given by the parameter g. The annihilation (creation) operator for the centre-of-mass position of the trapped atom is given by a (a † ), and the phase φ is determined by the phase difference of the red and blue detuned laser fields. The Hamiltonian (1) is valid only in the Lamb -Dicke regime, i.e. when the ionic centre-of-mass motion is strongly localized with respect to the laser wavelengths, which is not a serious restriction, as the Lamb-Dicke parameter may be varied over a wide range by simply varying the geometry of the laser beams that are used to drive the electronic transition in a Raman configuration [6, 7] .
We set φ = π/2 and find easily the evolution operator, U I (t) = exp(−iH I t), as By considering the initial state of the whole wave function to be
i.e., the vibrational motion given by the squeezed vacuum state [35] [36] [37] [38] [39] [40] |0, r = S(r)|0 ,
with S(r) = e − r 2 (a 2 −a †2 ) , and the internal state of the ion in the excited state, we obtain the evolved wave function as
The application of the squeezed operator to the annihilation and creation operators gives
with µ = cosh r and ν = sinh r. Because spontaneously emitted photons disturb the motional quantum state via recoil effects, we consider conditional measurements such that only the excited state is observed. Then the quantum state after measuring the state |e at a time t 1 is given by
where N 1 is a normalization constant. If we consider this state as initial state for a second interaction, we end up with the following wavefunction
and after k interactions we obtain the vibrational state
If we choose gt j = 2 j τ , with τ a (dimensionless) scaled time, that we will fix later, we can prove that the vibrational wavefunction reads
withÑ k a new normalization constant, related to the number of interactions, k, that we may find from the condition
We can rewrite the above equation as
with |α, r a squeezed state of amplitude α
with D(α) the Glauber displacement operator [2] . The normalization constant is then given bỹ
from the fact that, for α 1 and α 2 real, α 1 , r|α 2 , r = e
.
III. QUASI-RECTANGLE STATES
We now show how, by tuning the squeezing parameter, r, a quasi-rectangle state, namely, a state with equal probability in a position window, may be generated. In order to do this, we write the vibrational wavefunction (12) in configuration space
where we have used that, for α 1 real
and |x is a position eigenstate. In Figs. 1 and 2 we plot the probabilities in configuration space after the ion has interacted four consecutive times and measured in its excited state. In Fig. 1 , we use τ = 4e −r for 4 different values of the squezing parameter. It may be seen that Although a reduction of the window where the centre-of-mass motion may be found, the oscillations due to the nature of the Gaussian states that form the superposition, do not dissapear. Fig. 2 shows that by reducing the parameter τ , the oscillations may be eliminated, generating quasi-rectangle states that may be well localized.
A. Husimi function
Quasiprobability distribution functions [2, [46] [47] [48] are useful in several topics in quantum mechanics. They have allowed the reconstruction of the quantum state of the vibrational motion of an ion [49] and the quantum state of light in CQED experiments [50] . Besides, they may be used to visualize the states in phase to hint about the possible non-classicality of a state.
The Husimi Q-function is one of the simplest to use because, besides being always positive, it has a simple expression
with |β is a coherent state [2] and ρ (= |ψ ψ| for a pure state) is the so-called density matrix of the system. For the state (12) its Husimi-Q [47] is given by
with
We plot these function in figures 3 and 4 for the states generated in Figures 1 and 2 , showing a similar behaviour, namely the reduction of the positions where the centre-of-mass motion of the ion may be found. Note that Fig. 4 has a different scaling than Fig. 3 .
IV. CONCLUSIONS
We have shown that non-classical states of the vibrational motion of the centre-of-mass motion of an ion may be generated to produce equal probabilities to find it in a given window of positions. By starting from a squeezed vacuum state, we have shown how to produce a equidistant superposition of squeezed states with equal coefficients such that,
